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Induction of rotational behaviour by intranigral baclofen ~ suggests possible GABA-agonist activity 
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Summary. In  rats ,  uni la tera l  in jec t ions  of the  GABA-der iva t ive  baclofen in to  the  zona re t icu la ta  of the  subs t an t i a  
n igra  p roduced  a con t ra la te ra l  r o t a t i on  t h a t  was t r ans l a t ed  to  ips i la teral  ro ta t ion  unde r  t he  inf luence of amphe t amine .  
These resul ts  mimic  those  following uni la tera l  e leva t ion  of GABA levels in t he  subs t an t i a  n igra  and  sugges t  t h a t  
baclofen m a y  have  some GABA agonis t  ac t iv i ty  following in t race rebra l  inject ion.  

There  is considerable  deba te  as to  w h e t h e r  baclofen,  a 
s t ruc tu ra l  analogue of y -aminobu ty r i c  acid (GABA), pos-  
sesses GABA-agonis t  act ivi ty~,  4. In  ear ly  ion tophore t i c  
s tudies  baclofen [fl-(p-chlorphenyl) GABA] was shown to  
p roduce  a depress ion of neurona l  ac t iv i ty  t h a t  was, how-  
ever,  insens i t ive  to t he  GABA an tagon i s t  bicucullineS,% 
More recent ly ,  baclofen has  been  shown to  p roduce  
bicucull ine-sensi t ive,  GABA-l ike  effects  on lumbo-sacra l  
mo toneu rons  L 
Ro ta t i ona l  behav iour  (circling)s can  be induced  by  uni-  
la tera l  e leva t ion  of GABA levels in the  zona re t icu la ta  of 
t he  subs t an t i a  nigra  (SNR);  ro t a t i ons  are ips i la teral  
unde r  t he  inf luence of a m p h e t a m i n e  9, and  con t ra la te ra l  
in t he  absence  of a m p h e t a m i n e  1~ These  effects are pre-  
sumed  to  be m ed ia t ed  via  a s t r i a ton igra l  modula t ion  by  
GABA neurones  of ac t iv i ty  in dopamine  neurones  
ascending  f rom the  n igra  to  t he  s t r i a t um n,  whose  
asymet r ic  ac t iva t ion  under lays  r o t a t i on  s. We  have  m a d e  
S N R  inject ions  of bac lofen  and  f ind similar  ro ta t iona l  
responses .  
Materials and methods. Male Sprague-Dawley  ra ts  
(150 -1- 20 g) were anaes the t i zed  w i t h  e ther  and  given 
uni la tera l  s te reo tax ic  TM in jec t ions  of baclofen (100 ng  in 
1 t~l saline) or sal ine (1 ~1) in to  SNR.  R a t s  were t hen  
placed in a u t o m a t e d  r o t o m e t e r  bowls  for con t inuous  
recording  of ro ta t ions .  Fo r  f u r t he r  groups  of ra t s  these  
in jec t ions  were made  following a 45 min p r e t r e a t m e n t  
w i th  d - a m p h e t a m i n e  (5 mg/kg) and  ro ta t ions  s imilar ly 
recorded.  Subsequen t  to  t e s t ing  ra t s  were decap i ta ted ,  
the i r  bra ins  removed ,  f ixed in formol-sal ine for 1 week 

and  t h e n  sub jec ted  to conven t iona l  histological  proce-  
dures  for ver i f ica t ion of in jec t ion  sites. S ta t i s t ica l  com- 
par isons  be tween  groups were  made  using the  S t u d e n t ' s  
t - t e s t  (2-tailed). 
Results. Control  in jec t ions  of saline in to  S N R  induced  a 
weak  ro ta t ion ;  s imilar  in jec t ions  of baclofen induced  a 
m o d e r a t e  con t ra la te ra l  ro t a t i on  t h a t  was  s ignif icant ly  
d i f fe ren t  f rom ro ta t ions  of cont ro l  animals  (p < 0.01) 
(figure 1). W h e n  these  in jec t ions  were m a d e  into S N R  of 
a m p h e t a m i n e - p r e t r e a t e d  animals  saline induced  a mild  
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Fig. I. Rotational responses following unilateral intranigral injections 
of 100 ng baclofen in 1 ~tl saline (N = 6) (O) or t }zl saline (N = 10) 
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Fig. 2: Rotational responses following unilateral injections into 
Substantia nigra of rats treated 45 rain previously with d- 
amphetamine 5 mg]kg. Animals received either bac!ofen , 100 ng in 

(O). Results are expressed as cumulative rotations 4- SEM against 1 tzl saline (N = 10) (0) or 1 [xl saline (N = 6) (O). Results are ex- 
time following injection. Significant different from control values: pressed as in figure 1. Significant difference from control value: 
** p < 0.02; *** p < 0.01. * p < 0.05. 
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ips i l a te ra l  r o t a t i o n  ; bac lofen  induced  a s ign i f i can t ly  more  
i n t ense  ips i la te ra l  c ircl ing response  (p < 0.05) (figure 2). 
His to logica l  e x a m i n a t i o n  revea led  t h a t  in j ec t ion  si tes 
were w i t h i n  SN1R. 
Discussion. I n  u n t r e a t e d  a n d  a m p h e t a m i n e - p r e t r e a t e d  
r a t s  un i l a t e r a l  in jec t ions  of bac lofen  in to  S N R  p roduce  
c o n t r a l a t e r a l  a n d  ips i l a te ra l  r o t a t i o n  respec t ive ly .  These  
r o t a t i o n a l  responses  are  v e r y  s imi la r  to  those  seen a f t e r  
un i l a t e r a l  e l eva t ion  of n ig ra l  G A B A  levels in  b o t h  un -  
t r e a t e d  i0 a n d  a m p h e t a m i n e - p r e t r e a t e d  ~ an imals .  Whi le  
t h e  n a t u r e  of t he  i n t e r a c t i o n  b e t w e e n  s t r i a ton ig ra l  GAt3A 
neu rones  a n d  n i g r o s t r i a t a l  d o p a m i n e  neu rones  w i t h i n  t he  
s u b s t a n t i a  n ig ra  is c o n t e n t i o u s  if, t hese  effects  fol lowing 
in jec t ions  in to  S N R  sugges t  t h a t  bac lofen  m a y  h a v e  some 
G A B A  agon i s t  a c t i v i t y  fol lowing d i rec t  i n t r a c e r e b r a l  
in jec t ion .  T h o u g h  or ig ina l  r epo r t s  t h a t  bac lofen  m a y  be  
art a n t a g o n i s t  of s u b s t a n c e  p13 h a v e  fai led to  be  con-  
f i rmed  subsequen t ly l* ,  l~, t h e  r ecen t  d e m o n s t r a t i o n  of 
s t r i a t o n i g r a l  p a t h w a y s  to  S N R  c o n t a i n i n g  s u b s t a n c e  P i e  
as well  as G A B A  suggests  t h a t  m e c h a n i s m s  for these  
p r e s e n t  bac lofen  effects in  t e r m s  of i n t e r ac t i ons  w i t h  
n e u r o t r a n s m i t t e r  sys t ems  o t h e r  t h a n  those  i nvo lv ing  
G A B A  canno t ,  however ,  be  excluded.  
Bac lo fen  ha s  been  widely  used as a p u t a t i v e  G A B A -  
m i m e t i c  s u b s t a n c e  b o t h  in a n i m a l  s tud ies  1T a n d  in t he  
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in  t h a t  bac lofen  has  been  shown  to  mimic  t h e  effects  of 
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Summary. A l p h a  par t ic les  inha led  b y  mice af fec t  p r i m a r i l y  t y p e  I I  ep i the l ia l  cells, whereas  i n t e r s t i t i a l  mononuc lea r s ,  
a lveo la r  m a c r o p h a g e s  a n d  t y p e  I e p i t h e l i u m  are  m u c h  more  r e s i s t a n t  a n d  a p p a r e n t l y  r eac t  secondar i ly .  T h e  cel lular  
responses ,  q u a l i t a t i v e  a n d  q u a n t i t a t i v e ,  e x h i b i t  a t ime-dose  re la t ionsh ip .  

Materials and methods. A 2G  mice were exposed  for  10 m i n  
t o  i n h a l a t i o n  of a 239PuOs aerosol  g e n e r a t e d  b y  a n  ex- 
p lod ing  wire  t e c h n i q u e  in a specia l ly  c o n s t r u c t e d  c h a m -  
be r  2. I n  s epa ra t e  e x p e r i m e n t s  t h e  an imal s ,  in  g roups  of 
12, rece ived  e s t i m a t e d  l u n g  doses of a p p r o x i m a t e l y  
22 nCi or 150 nCi, r e spec t ive ly  refer red  to  as t he  low a n d  
h i g h  dose series. Cont ro l  mice  were g iven  a m o c k  exposure  
in  t he  same  a p p a r a t u s .  A n i m a l s  su rv ived  for  3-26 weeks 
a f t e r  i nha l a t i on .  Mice f rom con t ro l  a n d  b o t h  t e s t  g roups  
were k i l led  in pa i rs  b y  i.p. p e n t o b a r b i t a l  a n d  lung  t i ssue  
e m b e d d e d  in a ra ld i t e  for e lec t ron  microscopy.  I n  a d d i t i o n  
to a n a l y z i n g  q u a l i t a t i v e  changes ,  d i f fe ren t ia l  coun t s  of 
a lveo la r  wal l  ceils were  m a d e  f rom e lec t ron  mie rographs ,  
whose  n u m b e r  a n d  r ange  of m a g n i f i c a t i o n  were s t a n d a r d -  
ized for all  groups .  T h r o u g h o u t  t he  per iod  of o b s e r v a t i o n  
r ad ioac t i v i t y ,  as de t ec t ed  b y  X - r a y  m e a s u r e m e n t s  a n d  
a u t o r a d i o g r a p h s  of 1 ~ m  sect ions,  pe r s i s t ed  in t he  lungs.  
Results. The  t y p e  I I  a lveo la r  ep i the l i a l  cell  is essen t ia l ly  
sec re to ry  in  func t i on  3, a m a i n  p r o d u c t  be ing  s u r f ac t an t ,  
w h i c h  is assoc ia ted  w i t h  t h e  osmiophi l ic  l amel l a r  bodies  4. 
I n  n o r m a l  mice these  bod ies  were c o m m o n l y  v a c u o l a t e d  
b u t  t h e i r  r o u n d e d  ou t l ines  b e t r a y e d  t he  fo rmer  c o n t e n t  
of sec re to ry  m a t e r i a l  (figure 1,a).  T he  n u m b e r  of t y p e  I I  
cells in  b o t h  t e s t  g roups  rose b y  50% a n d  v a c u o l a t e d  
bodies  b e c a m e  fewer t h o u g h  larger .  I n  h ighfdose  an ima l s  
t h e  subce l lu la r  changes  were  more  severe  a n d  f rom 
15 weeks p r o n o u n c e d  a l t e r a t i ons  a f fec ted  a b o u t  ha l f  t h e  
popu la t i on .  The  c y t o p l a s m  was t h e n  d i s t e n d e d  b y  large  
s m o o t h  spaces  c o n t a i n i n g  a l i t t l e  l amel l a r  m a t e r i a l  a n d  

de fo rming  t h e  nuclei .  Over  some vacuoles  the  r e m a i n i n g  
c y t o p l a s m  was  e x t r e m e l y  t h i n  (f igure 1,b) a n d  h a d  
r u p t u r e d  o n t o  t he  a lveo la r  surface.  As a la te  f ea tu re  of 
h igh-dose  mice,  some cells deve loped  changes  sngges~ting 
regenera t ion ,  as ev idenced  b y  f l a t t en ing ,  smal l  a n d  s c a n t y  
b u t  dense r  l ame l l a r  bodies  a n d  b y  i n t a c t  m i t o c h o n d r i a  
a n d  endop la smic  r e t i cu lum.  
Alveo la r  m a c r o p h a g e s  n o r m a l l y  possess phagosomes  
(figure 2,a).  Low-dose  mice showed  no q u a n t i t a t i v e  
c h a n g e  b u t  t h e  p h a g o s o m e s  t e n d e d  to  be  larger .  I n  h igh-  
dose mice,  especia l ly  f rom the  10-week- in terva l ,  t h e  
n u m b e r  of m a c r o p h a g e s  rose a n d  t h e i r  c y t o p l a s m  was 
c rowded  w i t h  phagosomes  or inc lus ions  (figure 2,b),  
some of w h i c h  s t rong ly  sugges ted  l amel l a r  bodies  d i s -  
cha rged  b y  t y p e  I I  cells. D e g e n e r a t i v e  changes  were no t  
a p p a r e n t .  I n t e r s t i t i a l  cells (figure 1,a),  d i s t i nc t  f rom 
f ibroblas t s ,  m a y  be  r ega rded  as e m i g r a t e d  m o n o c y t e s  
res id ing  t e m p o r a r i l y  in  t h e  p u l m o n a r y  i n t e r s t i t i u m  
before  emerg ing  o n t o  t he  a lveo la r  surface  as m a t u r e  
mac rophages .  N o  q u a l i t a t i v e  changes  were de t ec t ed  bu t ,  
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